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SUMMARY

An investigationwas made to determinethe effectsof vertical-tail
sizeand lengthand of fuselageshapeand lengthon the lateralstatic
stabilitycharacteristicsof a modelwith wing and verticsltailshaving
the quarter-chordlinessweptback ~SO. The resultsindicatethat the
directional.instabili~ of the variousisolatedfuselageswas abouttwo-
thirdsas largeas thatpredictedby classicalth,eorg.A reductionin
area of verticaltails (geometricaspectratiokept constant)attached
to a givenfuselageresultedin an increasein the effectiveaspectratio
of the verticaltailfor the rangeof tail sizesconsidered.Simple
analyticalconsiderationsindicate,however,thatfor tail sizesbelow
the rangeinvestigated,the oppositeeffectwouldbe expected.

For the fuselage-tsilcombinationsinvestigated,the tail effec-
tivenessusuallydecreasedwith increasingangleof attack,withthe
greatestrate of decreaseoccurringat anglesof attackgreaterthan
about160.

The wing-fuselageinterferencefor the midwingarrangementsinves-
tigatedwas only slightlyaffectedby the shapeof the fuselageand
tendedto increaseslightlythe directionalstabilityof the’combination.
The interferenceeffectsof the wing tendedto decreasethe vertical-
tail effectiveness,particularlyat high anglesof attack. The large
effectsobservedwere attributedto a partiallystalledconditionof the
wing.
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INTRODUCTION

&

Recentadvancesin the understandingof the participles
flighthave led to significantchangesin the designof the
componentsof airplanes. Two of the”mora importantchanges

of high-speed
principal
have been the

incorporationof largeamountsof sweepof the ~- and tail surfacesand
the elevationof the horizontaltail to a higherposition. Much informa-
tion is ava5Jableon the influenceof the wing,fuselage,and tail gecme-
try on the staticstabilitycharacteristicsof the more conventional
airplanedesigns(forexample,references1 and 2); however,little
informationis availableon the influenceof the variousairplanecom-
ponentson the characteristicsof airplaneshavingwings and tail sur-
faceswith largeamountsof sweep. In orderto providesuch information,
a seriesof investigationsis beingconductedin the Langleystability
tunnelwith a modelhavingvariousinterchangeable Ps.rk The effects
of changesin the sizeand locationof the horizontaltail on the low-
speedstaticlateralstabilitycharacteristicshave been reportedin
reference3. The effectson the static-lateral-stabilityderivatives
of variationsof vertical-tail-sizeand lengthand of fuselageshapeand
lengthare presentedherein. The data alsohave been used to determine
interferenceeffectsbetweenthe wing and fuselageand the interference
effectsof the wing-fuselagecombination cm the vertical-tail effectiveness.

Smlms

The datapresentedhereinare
cientsof forc& and momentswhich

COEFFICIENTS

in the form of standardNACA coeffi-
are referredto the stabilityaxes,

with the originat the projectionon the plane of symmetryof the -
quarter-chordpoint of the mean aerodynamicchordor at thd midpointof
the fuselage. The positivedirectionsof the forces,moments,and
anrzulardisplacementsare shownin fi”gure1. The coefficientsand
~bols are-dbfinedas follows: -

A- aspectratio (b2/S)

b, ~et~asured perpendicularto fuselagecenterline,

c chord,measuredparallelto plane of symmetry,feet ‘

Cr root chord,feet

Ct tip chord,feet

●
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Zv

a

wing mean aerodynamicchord,feet (.w=$J~/2c#j

fuselage
center

dismeterat longitudinalstationof aerodynamic
of verticaltail,feet

length,feetfuselage

taillength,distancefrom origtiof tis z/2 to E/~
of verticaltafl,feet

(%)-C w--, Pomds per square foot z V2

area,squarefeet

projectedsidearea of fuselage,squarefeet

maximumthickness of fuselage,feet

velocity,

volumeof

feet per second

fuselage,cubicfeet

distancefrom leadingedge of root chordtochordwise
quarter-chordpoint of any chord,feet

chordwisedistancefrom leadingedge of root chordto
quarter-chordpointof mean aerodynamicchord,feet

spanwisedistancemeasuredfrm the plane of symmetry,
feet

-se dis~- to qtier chord of mean aerodpmic

chord,feet
(~.=+Lh’2c.~+

perpendiculardistancefromfuselagecenterline to .
aerodynamiccenterof verticaltail,feet

angleof attack,degrees
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taperratio
()

Ct
~

angle-of-attackcorrectionfactorsto effectivenessof
verticaltail in yaw

,

angleof sweepbackof quarter-chordline,degrees

mass densi~, slugsper cubicfoot

angle of yaw, degrees

drag coefficient
()

Q211%
;%) =-Cx at *=0°

!lti

longitudinal-forcecoefficient
( )

Longitudinalforce

q%

lateral-forcecoefficient

( )

Lateralforce ,

q%

( )Pitchingmoment
pitching-momentcoeffici~t

-q~-w

(-W*-moment coefficient ‘a “
)

moment

q~~

rolling-moment ( )Rollingmoment
coefficient

qsw~

()my

CY*=Two
.

.

()acz -
cz=—. 9 w wo”

“

.
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(CL.).=(-)-o”’ ‘here(QV‘s basedm‘etiicd-w“e’>
AlcyvsAlc $v

}

incrementsof coefficientscausedby wing-fuselageinter-

AICZ ference;that is, AICy = C
+ ~ ( ‘~)W+F - @)W - @)F

‘2%‘2%’
}

incrementsof coefficientscaused~ wing-fuselageinter-
ferenceon vertical-tail.effactiveness;that is,

A2C1
v A2C~ = [cyy)w+F+V - (%)w+d - ~Y)F+v - (%)j

Subscriptsand abbreviations:

w “’w

v vex%icaltail;usedwith subscripts1 to S to denotethe
variousverticaltails (seefig. 2)

F fuselage;usedwith subscripts1 to 5 to denotethe
V-ariousfuselages(seefig. 3)

s slat

e, effective “ b

s sidearea .

APPARATUSAND TESTS

Ill partsof the modelsused in this investigationwere constructed -
of mahogany. Sketchesof the partsof the modelsare presentedas
figures2, 3, and 4. The variousverticaltailsand fuselageswill be
referredto henceforthby the symboland numhr assignedto them in
figures2 and3. All. verticaltailshad 450 sweepbackof the quarter-
chordline,taperratioof 0.6,and NACA 65AO08profiles(tableI) in
planesparallelto the fuselagecenterline. The ratiosof tail areato
wing areawere chosento covera rangerepresentativeof thatusedfor

...-. .—.—------ .—— ——.--— .-.. .— .--.Z —.. — —-—..-—...-— — - —
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currenthigh-speedairplaneconfigurations.The tailsweremountedon
the fuselagesso thatthe tail lengthwas alwaysa constantpercentof

(
ti

)
the fuselagelength ~= 0.42 . The tail lengthwas variedby changing

the fuselagelength. The threefuselages-(finenessratiosof S.0, 6.67,
and 10.0)of circular-arcprofileused in the investigationare shownin
figure3. Two additionalfuselageshavingthe samefinenessratioas
fuselage2~fineness ratioof 6.67) were used to determinethe effects
of fuselagenose and trailing-edgemodifications.All fuselageshad
circularcrosssectionsand all had the samemaxzm“.um thickness. The
coordinates@ the fuselagesare givenin tableII.

The wing had an aspectratio of 4.0, taperratio of 0.6, sweepback
of 45° of the quarter-chordline,and NACA 65AO08profilesparallelto
the planeof symmetry. The wing was mountedon the fuselageso that the
quarte~chozxlpoint of the mean aerodynamicchordcoincidedwith the
fuselagemountingpoint‘(fig.4). A summaryof the geometriccharac-
teristicsof the variousmodel componentsis givenin tableIII. A full-
span slat,fittedto the wing for sometestswith fuselage F2, had a
chordwhichwas 8 percentof the wing chord. (Seefig. 4.) The slatwas

made by bendinga stripof & inch-thickaluminumsheetto fit the con-

tour of the wing leadingedge. Photographsof some of the model con-
figurationsare presentedas figure5.

Most of the testsof this tivestigationwere conductedin the
6-foot-dismeterrolling-flowtest sectionof the Langleystability
tunnel. Tests of configurationswith fuselages F4 and F~ were con-

ductedin the 6- by 6-footcurved-flowtest sectionof the Langley
stabilitytunnel. All testswere made at a dynsmicpressureof
24.9poundsper squarefoot,whichcorrespondsto a Mach numberof 0.13

and a Reynoldsnumberof 0.71 x d based on the wing mean aerodynamic
chord. The angleof attackof the modelwas variedfrom about-ho to
approfitely 32° for yaw anglesof 0° and Iso.

.

CORRECTIONS

The angleof attack,longitudinal-forcecoefficient,and rolling-
momentcoefficienthave been correctedfor jet-boundaryeffects. No
correctionshavebeen appliedfor the effectsof blocking,turbulence,
or support-strutinterference.At relativelylargeanglesof attack
(aboveabout20°)the verticaltail generallywas in the wake of the
supportstrut;hence,data dependentprincipallyon the vertical-tail
contributionprobablyare unreliableat anglesof attackaboveabout200..

. ..— — .————..——.. — -—.———..—
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This unreliabilityis particularlytrue for data obtainedwith fuselage
F3J and thereforethesedata are not presented.

METHODSOF ANALYSIS

The resultsof the presentinvestigationare analyzedin terms of
the individualcontributionsof the variouspartsand the more iinpofiant
interferenceeffects. In accordancewith conventionalprocedures(for
example,see reference2) the static-lateral-stabilityderivativesof
a completeairplanecan be expressedas.

CZ*=FZ4!)F+Pzvh+Pztb+‘1CZ4’+‘2CZ*

,(1)

(2)

(3)

The subscriptsF and W referto the derivativesof the isolated
fuselageand of the isolatedwing,respectively.In the generalcase,
the subscript V refersto the contributionof the verticaltailwhen
mountedon the fuselageand when in the presenceof the horizontaltail.
The presenttestswere made withouta horizontaltail, sincethe effects
of varioushorizontal-tailsizesand locationswere investigatedin
reference3. In the presentpaper,therefore,the derivativeswith the ‘
subscript V includeboth the effectivenessof the isolatedvertical
tail and the interferenceof the fuselage.

The vertical-tail
follows:

.

contributioncan be expressedanalyticallyas

(4)

m
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(4 (c ~. hTsv-%cosa-F.l)()‘ha~cLav

where
()CL= v

is the effectivevertical-taillift-curve

(6)

slopewhen the

model is at-zeroangleof attack,and qy and ~ are correction
factorswhichaccountfor the variationin tail effectivenesswith angle
of attack. (A-similarcorrectionto CZV is neglectedbecauseit gen-

erallyhas beenf~ to be very nearly1.0.)Equations (h) to (6) are
similarto equationsgivenin reference4, exceptthat in the reference
the factors ~ and ~ are neglected. The resultsof the presenttests

are usedfor evaluatingthe factors qy and ~ and the effectiveaspect
ratio ~~ correspondingto the vertical-taillflt-curveslope (CL )a V“

Perhapsthe most consistentapproachto the problem.ofevaluating ‘
tail.effectivenesswouldinvolvedete*tion of Aev corresponding
to.

()CL= v
as detemined from equation(4). In orderto make use of

suchvaluesof Aev h the calculationof
(%)

Vand
( 4!)
Cl v, effective, ‘

ratherthan geometric,valuesof the tail length Zv and of the tafl
height zv alsowould.haveto be lmown. From practicalconsiderations,

.

it has seemedmost convenientto assumethat the locationof the vertical-
tail centerof pressureis givenacc.urately~the geometriclengths ZV
and ZV. Sincethe dfiectional-stabili.typarameter C

(v)
v is consid-

ered to be the most importantof the threestatic-lateral-stability
parameters,valuesof Aq> correspondingto

()CLa V
as determinedfrom

equation(S),are obtainedin the presentanalysis. The reliabilityof
valuesof AW so determined,when used to calcul@e

() ()
clCYYV and. *V’

is checkedagainstthe experimentalresults.

ISince,at zeroangleof attack,the factor ~ is 1.0, equation(~) ,
can be rewrittenas

Valuesof Aev, correspondingto (CL=)V,may be obtatiedfrom theow

suchas that of reference~. A correctionto Aw for the effectof
the horizontaltail canbe obtainedfrom reference3..

f

●

a
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The incrementsprefixedbg Al and A2 express,respectively,the

interferenceof the wing-fuselagecombinationand the interferenceof the
wing-fuselageon the vertical-taileffectiveness;for example,

w&= (cY*)w+, - p,). +(C+j

.

A2Cy$=
[)cy~ w+F+v- (%fh+j ‘_ [(%)F+V - (%kJ

The interferenceincrementsusuallyare assumedto applyto airplanes
havingconfigurationswhichsre somewhatsimilarto that of the model
used in-evaluatingthe increments. Of the variousfactorswhichaffect
the magnitudesof the interferenceincrements,the heightof the wing,
relativeto the centerline of the fuselage,previouslyhas been found
tobe one of the most important(reference2). Since,for the present
investigation,the wing was locatedon the centerline of the fuselages,
the resultsare consideredapplicableonly to midwingor near-midwing
arrangements.

RESULTSAND DISCUSSION

Presentationof Results
.-

The basicdata obtainedin this investigationare presentedin
figures6 to 4. The longitudinalcharacteristicsof the wing aloneand
of the wing with slatare givenin figure6. The static-lateral-stability”
parametersof the variousCotiigurationsinvestigatedare givenin fig-
ures 7 to 14. A summaryof the configurationsinvestigatedand of the
figuresthat give data for theseconfigurationsis givenin tableIV.
Most of the rmaiming figures(figs.15 to 30) were made up from the
data of figures7 to 14 and presentthe data in a form more suitablefor
analysis.

,

Wing Characteristics

w The longitudinalaerodynamiccharacteristicsof the wing alone
(fig.6) havebeen givenin reference3; hence,they are retiewedonly
brieflyin thispaper. The plainwing stalledat about24° angleof
attack(CL = 1.0) and showedan aerodynamic-centerpositionof 0.25FW.

.“

.
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The theoryof reference~ predicts”anaerodynamic-centerpositionof
o.26aw. Additionof the 0.08~ slat delayedthe stallto about260 angle
of attack(CL = 1.1)but hadno appreciableeffecton the positionof
the aerodynamiccenterat low anglesof attack. The slat causedan

4

appreciablereductionin drag at anglesof attackgreaterthan about8°.

Many of the aerodynamicparametersof a completeairplaneare
depe@ent to someextenton the characterof the flow overthe wing;hence,
s= considerationmust be givento the angle-of-attackrange overwhich
flow doesnot sepsratefrom the wing. As pointedout in ‘reference6, an
indicationof the limit of thisrangecanbe obtainedby locatingthe

.
QL2initial.break in the plot of CD - — againstangleof attack.
nAw

A plot
f

of this incrementfor the plainwing and for the wingwith slatis given
in figure15. The figureshowsbreaksin the curvesat about7.7°and
at about16° for the wing aloneand for the wing with slat,respectively.
Correspondingbreaksh the curvesof the aerodynamiccharacteristicsof
ccuibinationsinvolvingthe wing and the wing with slatare to be expected
at aboutthesesme anglesof attack.

~vestigationsinvolvingReynoldsnumberas a variablehave shown
thatfor smoothwings increasesin Ileynoldsnumbertendedto ext”endthe
angle-of-atts.ckrangebeforewhich iuitislbreaksoccurredfi plots of
aerodynamicparametersagainstangle of attack. For this reasonresults

,

obtainedfor configurationswith slatsmightbe expectedto be somewhat #
similarto data for the platiwing at a higherReynoldsnumberthan the
testReynoldsmniber. - - - -

FuselageCharacteristics.

The importantcharacteristicsof the variousfuselagesare sum-
marizedin figure16. In general,the parametersconsidered

(@) F

(4
and C ~ vsriedonly slightlywith angle of attack,and therefore

the analysishas been limitedto characteristicsat a = OO.

In orderthatthe resultsobtatiedmay be appliedconvenientlyto
arbitraq airplaneconfigurations,coefficientsin terms of fuselage
dimensionsratherthan wing dimensionsare needed. This mannerof
expressingthe coefficientis accomplishedby plottingthe quantities

(%) %/ (%)%%4
~F& ad F~

againstfuselagefinenessratio. The

quantitiesplotted,therefore,are
cientbased on fuselageside area
based on fuselagevolume VF.

. .
effectivelya lateral-forcecoeffi-
Ss and a yawing-mment coefficient

.

,

——-—. ——.. .. -- . -— —-. .—- .—- .:-
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Comparisonsare made with the theorypresentedin reference7.’
Althoughthe theory,which is based on potential-flowconsiderations,
predictsno sideforce,the experimentalresultsshowa positiveside
forcewhichincreasesas the finenessratiois decreased. The variations
in fuselageshapeconsidered,for a constantfinenessratio,have a
negligibleeffecton the value of a lateral-forcecoefficientbased on
fuselagesidearea.

The expertientalresultsobtainedfor the directional-stability
parameter

(%) F of the biconvexfuselagesshowaboutthe same trend

with variationin finenessratioas that predictedby theory,although,
quantitatively,the magnitudeis onlyabouttwo-thiidsof that predicted
~ theory. For a constantfinenessratio,the variationsin fuselage
shapeconsideredproduceda ratherlargechangein the magnitudeof the
directional-stabilityparameterbasedon fuselagevolume. An increase
in volumenearthe fuselagenose increasedthisparameter;whereasan
increasein volumeoverthe rear half of the fuselagedecreasedthis
parameter.

Vertical-TailEffectiveness

Effectiveaspectratio.-As explainedin the sectionentitled
ltMethodsof Analysis,‘1the effectiveaspectratioof the verticaltail
is obtainedby calculatingthe tail lift-curveslopefrom experimental .
valuesof (C%)v and~eno bt-.thec orrespondingaspectratio
from a theo~ of plainwings. The theoryof referenceS has been used
herein,althoughit is realizedthat a sweptverticaltail represents
an unsymmetricalconfigurationto whichthe theoryis not strictly
applicable.The relationship,givenby reference~, betweenlift-curve
slopeand aspectratiofor wingshavinga sweepangleof 45° and a taper
ratioof 0.6 is reproducedin figure17. The resultsof the effective-
aspect-ratiodeteruminationsare presentedin figure18 in the form of
the ratio Aw/Av plottedagainst bvl~ for a = OO. The quantity

bpl~ is the ratio of vertical-tailspanto the fuselagediameterat the
longitudinallocationof the vertical-tailaerodynamiccenterand is
regardedas a significantparameterfor determiningthe influenceof the
fuselageon the vertical-taileffectiveness.An averagecurveis drawn
throughthe data obtainedwith the tailsof aspectratio1.0; and another
curve,throughthe two pointsobtainedwith the tails of aspectratio 2=0.
The fairingof the averagecurveat low valuesof ~/~ has been guided

by the shapeof the calculatedcurvewhich representsreasonablemaxhum
valuesof AW/AV for givenvaluesof ~1~. The calculatedcurvewas

determinedW an equationderivedon the assumptionthat the fuselage -
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‘actsas an infiniteend plate on the portionof the.verticaltailpro-
trudingoutsidethe fuselage. The equationof the curveis ●

()JLl .
A13v%-= (7)

A reductionin areae(geametricaspectratiokept constant)of vertical
tailsattachedto a givenfuselageresultedin an increasein the
effectiveaspectratiosof the verticaltailsfor the range of tail
sizeinvestigated.The calculatedcurveindicatesthat for smaller
tailsthe oppositewouldbe true.

The-experimentaldata showthat’theratio.AW/AV approachesthe..
value 1.0 as bp~ becomeslarge. This variationis to be expected
sinqean increaseh ~/~ representsa decreasein the size of the end
platerelativeto the verticaltail. For very largevaluesof bv/~,
the effectiveand geometricaspectratiosshouldbe a~prmdmatel.yequal.
The valuesof AW/AV givenin figure18 dependto saneextenton the .,

curveof CL= against A from whichthe valuesof Aq were obtained.
The valuesof ~ might have been slightlydifferenthad somevariation

Of CL= tith A otherthan that of reference5 been used. The data

show somescatterat low valuesof bp/~; this scatterindicatesthat
factorsatherthan bp/~ enterinto the determinationof Aev/AV. The
vertical-tail.contributionsto CyV and ~ at a = 0° are shownin

figure19. Also shownin the fifie are calculatedcurvesof the param-
etersas determinedby equations(4) and (S)and the use of average.
valuesof Aev to determine (CL)a V“ Ratiosof ~/Av of 1.25 and 1.45

were usedfor verticaltailshavinggecnuetricaspectratiosof 1.0 and 2.0,
respectively.The fact that reasonablygoodagreementbetweenthe cal-

. culatedcurvesand the experimentalvaluesof Cnti was obtainedis of

onlyincidentalinterest,s~ce the experhental~esultsshownwere
originallyused to determineappropriatevaluesof the ratio AWIAV.

The scatterof the experimental.points-isindicative,however,of the
accuracythatmightbe expectedbg use of averagevaluesof Aw\Av fOr
arbitraryarrangements.
mentalvaluesof

(%) v

The agreementbetweenthe calculatedand experi- 0

alsois reasonablygood. Therefore,the values

.

.—..—— — ---- ——..— -- ——— -— -—-- ----- -----.---—— -——-- -
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of ~/AV calculatedfrmu incrementsof
(%)

~ appearto be usable

for predicting
( v)CY v with reasonableaccuracyat leastfor the

arrangementsinvestigated.

.
The vertical-tail.contributionto the derivative Ct~ canbe

separatedinto two partsas givenby the two terms of the following
equation:

(cz~)V= ~ ~(cLcI)v‘Os a - $~(CLa)V sin a

For smallangles& attackthe equationcsn be writtenas

The firstpart

and the second
givenby

of the equationis the ticrement

part showsthat the variationof

()a cz
Zv Y (%JVA=_.–—

i3a % SW 57.3

.

of
( $)
Cl ~ at

(%)
‘c ~ with

;

a= 00,

a is

In analyzingthe contributionof the verticaltail to Ctti,consid-

(%)erationhas been givento the incrementof C v at zeroanileof

attackand the rate of changeof
( $)
CZ v with angleof attack. The

experimentaland calculatedresultsfor both of theseeffectsare shown
in figure20 to be in fairlygoodagreement.

Angle-of-attackcorrection.-In the precedingsection,the effective
aspectratio of the verticaltailmountedon the fuselagewas determined
at zeroangleof attack. The effectsof variationsin angle of attack
are now evaluatedin terms of the correctionfactorsto the vertical-tail

The variationof the factor
figure21 for threevaluesof the
curveis drawnthroughthe data.

~ with a.@e of
ratio tv/bw. In
The ratios @W

.

attackis shownin
each case au average
and SV/SW seemto

..._ - . .— .. _. _ _- ___ _ - ._.,___ . --. — — ——— ——- .__.—.—— -—.-. . ..— — _-.
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causeno appreciablechangein the variationof
2

with a ‘forvalues
of a lessthan 6°. At higheranglesof attack, owever,both ZVh
and Sv/Sw appearto sffectthe variationbf ~ with a, but not

enoughdatawere availableto establisha definiterelationbetweenthe
variousparameters.The effectsof fuselageshapeand vertical-tail
aspectratioon the variationof ~ with a are shownin figure22.
Also givenin the figureis the averagecurvefrcmfigure21(b). It is
seen.thatthe curvefits the datareasonablywell and that the variations
in fuselageshapeconsideredhave very littleeffecton the variation
of ~ with a. Changesin vertical-tailaspectratioappearto have
some effecton the variationof ~ with a; nevertheless,the gene@l.
trend shownby the averagecurveis stillfairlyaccurate.

In gendal, it appearsthatthe vertical-tailcontributionto %Y

may be reducedas much as twentypercentas the angle of attackis
increasedfrcm 0° to 15° and thatthis reductionusuaX& increases
rapidlyat higheranglesof attack.

The variationof the factor ~ with a is shownin figure23 for
several.valuesof ZV/’bwand Sv/SW. Averagecurvesare drawnthrough
each set of data. At,lowanglesof attackthe area ratio Sv/S~ appears
to Have a negligibleeffecton the variationof ~ with a; however,it
does have a large effectat anglesof attackgreaterthan about8° and ,*

the effectsincr~asewith an increaseof the ZV/bw ratio. Fuselage
shapeand vertical-tailaspectratioappearto have someeffecton the
variationof ~ with a (fig.~), but the effectsare not clearly
definedby the @ata. ti general,the averagecurveof figure23(b)fits
the data of figure~ reasonablywel.l. .

Exceptfor the smallestverticaltail (Vi),the tail contributions
to C% tend to showa smallerdecreasewith angleof attackthanhad

previouslybeen notedfor the tail contributionto CyV.

InterferenceEffects

Winrz-fuselageinterference.-The lateral-stabilitydata of this .
investigationwere used to determinewing-fuselageinterferenceincrements
by the procedureexplainedunder‘tMethodsof Analysis.tlThe ticrements
are presentedin figure25 as functionsof the angleof attack. Both
AICY* and Alczt showlargevariationswith angleof attackand are of

largemagnitudeat high anglesof attack. The increment A1~V is rather ●

smallfor alJ.fuselageshapesinvestigatedand tendsto increaseslightly

..——. . - —-. - ...—. ----- - -.—-.—— . . .. ..
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the directionalstability

15

of the wing-fusela~ecombinationovermost of
the angle-of-attackrang:. The aver~gevalu; of AIC

v
is about-0.0002

up to 160 angleof attack.

Wing-fuselageinterferenceon vertical-taileffectiveness.-

Incrementsof A2CyV, A2CW, and A2C1V we shownin figures26, 27,

and 28, respectively,for variouscombinationsof the cticular-arcfuse-
lagesand the verticaltailsof aspectratio1.0. The data are divided
into groupsof constant ZV/~ ratio. An averagecurvewas drawnthrough

. each set of data. In general,the data showlittlescatteraboutthe
fairedcurves. The additionof the wing almostinvariablyreducedthe
tail contributionto the directionalstabilityfor the arrangements
investigated(fig.27). The effectwas negligibleat very smallangles
of attack,but at 20° angleof attacka value of A2C

-9
of about0.0020

was obtainedwith the largestfuselage (F ). The lsrgeinterference
teffectsnotedat high anglesof attackpro ably resultfrom the partially

stalledconditionof the wing at theseattitudes. If stallingcouldbe
avoided,the interferenceeffectsundoubtedlywouldbe considerably
smaller.

The effectsof fuselageshapeon the incrementsof CY+, Cny, and
CL
*

causedby wing-fuselageinterferenceon the vertical-taileffective-

ness are indicatedin figure29. Also givenin the figuresre the average
Zv

curvesof the — = ().464data of figures26(b),27(b),and 28(b). me
W“

figureindicatesthat variationsin fuselageshapesconsideredhave little
effecton the interferenceincrementsand that the averagecurvesfit the
dataquitewell.

A comparisonis givenin figure30 betweenthe interferenceincrements
AIC

9
and A2C

9
for a model configurationwith and withoutthe wing

slat. The model configurationwas made up of the wing,fuselage F2, and
vepticaltail V2. me increment AlcmI, for both configurationsvaried
erraticallywith angleof
increment A2Cn

*
for the

thanfor the wingwithout
oppositewas true.

It shouldbe pointed

attackand in~icatedno definitetrends. The
modelwith the slatwas larger(morepositive)
the slatup to about200, afterwhichthe

out againthatthe interferenceincrementspre-
sentedhereincan be ewectti to applyfairlyaccuratelyonly to mid&g
or near-midwingconfigurationssincethe heightof the wing relativeto
the fuselagecenterline has beenfoundto be an importantfactorin
determininginterferenceincrements(reference2).

. - .— .- —... - . -.-—- —--— -——-—. ————— . ..---—.—— - —-- —--— ——-.-
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CONCLUSIONS

NACATN 2168

.

The results of an investigationto determinethe effectsof vertical-
2

tail sizeand lengthand of fuselageshapeand lengthon the lateralstatic ,
stabili~ characteristicsof a modelwith a 4$0 sweptbackwing indicatethe
followingconclusions:

1. The directionalinstabilityof the variousisolatedfuselageswas
abouttwo-thirdsas largeas that predictedby classicsltheory.

2. A reductionin area (geometricaspectratiokept constant)of
verticaltailsattachedto a givenfuselageresultedin an increasein
the effectiveaspectratio of the verticsltailsfor the rangeof tail
sizesconsidered.Simpleanalyticalconsiderationsindicate,however,
thatfor tail sizesbelowthe range”investigatedthe oppositeeffect
wouldbe expected.

3. For the fuselage-tailcombinationsinvestigated,the,taileffec-
tivenessusuallydecreasedwith increastigangleof attack,with the
greatestrate of decreaseoccurringat anglesof attackgreaterthan
about16°.

,

.

4. The Wing-fusehgeinterferencefor the midwingarrangements
investigatedwas only slightlyaffectedby the shapeof the fuselage

.

and the interferencetendedto increaseslightlythe tiectional sta-
bilityof the crxubinations.

~. The interferenceeffectsof the wing tendedto decreasethe
vertical-taileffectiveness,particularlyat high anglesof attack. The
largeeffectsobservedwere attributedto a partiallystalledcondition
of the wing.

LangleyAeronauticalLaboratory
NationslAdviso~ Committeefor Aeronautics

LangleyAir ForceBase,Vs., June~, 1950”

— .. .

.

— ——_ .
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TABLEI.- COORDINATESFOR NACA 6~AO08AIRFOIL

cStationand ordinatesin percentairfoilchord
1

.
Station

o
.50
.75

1.25
2.50
5.0
7.5
10.0
15
20
25
30
35
40
45
50
g:

65
70
75
80
85

;;
100

Ordinate

o
.62
.75
.95

1.30
1.75
2.12
2.43
2.93

-3.30
3.59
3.79
3.93
4.00
3.99
3.90

;:E
;.I-#

~ 2:3S
1.90
l.b
.96
●49
.02

L. E. radius: 0.408

●

✎

✼

“

.

●

---— . . ._ ._ _. —-— ——.———— —---—— ..— — ——— .
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TABLE II.-FUSELAGEORDINATES

.

.

.

d/Z
s~z

Fuselage1 Fuselage2 Fuselage3 Fuselage4 Fuselage!

o 0 0 0 0 0
.025 .010 .007 .005 ● 033 .!)07
● o~o .020 .Ou .010 ● 045 .o~
.075 .029 ● 021 .Om .054 .021
.100 .037 .027 .018 .060 .027
.125 .045 .033 .022 ●O& .033
.150 .052 .039 .026 .069 .039
● 200 .065 .048 .032 .074 . .048
.2s0 .076 .057 .038 .075 .057
.30 ● 085 ● 063 .042 :;;; .063
.35 .091 .068 .046 .064
:g .096 .072 .048 .075 .072

● 099 .074
.50

.049 .075 .074
●100 .075 ● 050

● 55
.075 .075

● 099 .074‘ .049 .074 ● 075
.60 .096 .072 .048 .072 .073
.65 .091 .068 .046 .068 .072
.70] .085 .063 .042 ● 063 ● 069
.75 .076 .057 .038 .057 .066
.8o .065 .048 .032 .048 ● 062
.85 ● 952 .039 .026 ● 039 .057
.90 .037 .027 .018 .027 .051
.95 .020 ● Ou .010 .Ou .045

1.00 0 0 0 0 .038

—... -.. —---- .. —. —- ——-——- .—— —.— —-. —. ..— ._ ——. — .— ..-.
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TABLEIII.-PERTINENTGEOMETRICCHARACTERISTICSOF MODEL

.

wing :
Aspectratio,AW, . . . . . . . . . . . . . . . . . . . . . .
Taperratio,XW, . . . . . . . . . . . . . . . . . . . . . .
Quarter-chordsweepangle,Aw, deg . . . . . . ‘.. . . . . .
Dihedralangle,deg... . . . . . . . . . . . . . . . . . .
Twist,deg . . . . . . . . . . . . . . . . . . . . . . . . .
NACA airfoilsection.. . . . . . . . . . . . . . . . . . .
Area,SW, si ft....... . . . . . . . . . . . . . . . .
span,~,ft.. . . . . . . . . . . . . . ..0......
Meanaerodynamicchord,Fw, ft . . . . . . . . . . ...6.

h.o
0.6

45
0

65AO;
2.25
3.00
0.765

Fuselage: F1 i2 F3 F4 “F~

Length,ft . . . . . . . . . . . 2.50 3.34 5.00 3.34 3.34
Finenessratio .==.==~=. 5.00 6.67 10.0 6.67 6.67
VOllRlle,VF, Cuff . . . . . . . . 0.267 0.350 0.526 0.448 0.385

Tail length,ZV,ft (~taib) . 1.Q “ 1.39 2.09 1.39 1.39
Tail-lengthratio,ZV&,
(alltails) . . . . . . . . . . 0.347 0.464 oi6:; 0.464 Oih:}

Side area,Ss, sqft . . . . . . 0.833 1~~, ● 1.30 .

Verticaltail:

Aspectratio . . . . . . .
Taperratio . . . . . . . .
Quarter-chordevieepangle,
AvS deg . . . . . . ... .

NACA airfoilsection . . .
Area,Sv, sift . . . . . .

sP%~,ft . . . . . . .
Mean aerodynamicchord,
*,ft ● . . . . . . . .

Area ratio,Sv/~ . . . . .

. . .

..*

● ☛✎

● ✎☛

✎ ✎ ✎

✎ ✎ ✎

.**

● ✎ ✎

m V2 V3 V4 v~
1.0 1.0 1.0 2.0 2.0
0.6 0.6 0.6 0.6 0.69

45 45 45 45 45
65A00865Ao086~A00865A00865A008
0.169 0.338 0.s05 0.338 0.67S
0.408 0.583 0.710 0.825 1.159

0.@7 0.~92 0.72~ 0.416 0.S92
0.075 0.150 0.225 O.lgo 0.300

.T
1

.

●

✎

. . . ..- --
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TARLE IV.- CONFIGURATIONSINVESTIGATED

.

.

.

!.

. wingoff Wingon

Configuration Figure configuration Figure
(a) (a)

—— —— w 6,7

F1 W+F1

Fl + VI W+ F1+V1 “
8(a)

F1 + V2
9(a)

W+ F1+V2

F1 + V3 W+ F1+V3.

F2 8(b),12 W+F2 9(b),u

F2 + V1 8(b) W+ F2+V1 9(b)-

F2+V2 8(b) W+ F2+V2 9(b)

F2 + V3 8(b) W+ F2+V3 9(b). .

F3 W+F3

F3 + V1 W+ F3+V1
8(c)

F3 + V2 W+ F3+V2
g(c)

F3 + V3 W+ F3+V3

FL
10(a)

W+F4
10(b)

F4 + V2 W+ F4+V2

F~ W+F~
n(a)

F~ + V2
n(b)

W+ F5+V2

F2 + V4 W+ F2+V4
12 13

F2 + V~ W+ F2+V5

—--- Ws 6,7,ti

MS + F2 a
——— WS+F2+V2 4

..
aNotation(fordetails,seetableIIIaudfigs.2 to 4):

w wing;withsubscriptS, wingwithslat
F fuselage ‘

v verticaltail

.

.
. ------ ..— _.. _ ———-—-— —----- -—k— ----- —.. - -—. — _________ ________
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.

#

,.

.
e Or7yn of ares

Figure 3.- Dhensions of fuselages;profileordinates
&@ensions axe in inches.

in tableII. All.
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4.-Dimensionsand locationof wing and tails. All
~ensions are in feet.}
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(a)ConfigurationW + F4 + VP.

Figure p.- View or mo+el in the Langleystabilitytunnel.
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(b) Configuration W~ + F2 + V2.

Figure5.- Concluded.
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Figure6.- Aerodynamic ctiacteristics of the wing.
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Figure7.- Static lateral stahili~ chamwteristics of the wing.
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Figure8.-

-8 -4 0 4 8 /2 /6 20 24 28 32
Angk of u.i%ock,a,deg

(a)Fuselage1 (short).

Effectof verticaltail on the staticlateralstability
characteristics.Wi~ off; AV = 1.0.

.

.

.. - -- —.. .. —-- -. ——--—-— —--- . ---- .——..~.. —. —.— —-. — .-— —- —-- -—-



NACA TN 2ti8

.

I

.

.a?z

o

452’

.(Z?2

o Y

1

I I , ,

.

~-

(b)Fuselage2 (medium).

Figure8.- Continued.
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(c) Fuselage 3 (long).

Figure 8.- Concluded.
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Cifr
.008

.004

0

:002

-8-404 81216202+2832
An@ of attach, CK,deg

(a) Fuselage1 (short).

Figure 9.- Effect of vertical tail on the
characteristics. Wing on;

.

staticlaterals~bility
AV = 1.0.

.
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(b)Fuselage 2 (medium).
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Figure9.- Continued.

.
.

...— —-. ...-. ...—. — -.— .-. — -. —-— ___ —.—— — ———. . --- . ... . .



38 NACA TN 2168

.0/2

Ciy
.008

.004

0

.0(22

:002

.002

:002

J_l

E — — — ~

,—, ,,

X-
-8-404 8 /2 /6 20 2+

Angle of uttuck, a, deg
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. Figure 9.- Concluded. “
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5v/&/
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&+& 0.!50
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.002

I I I I I I I I I I I I I I I
I I t I m I I 1 I I I I 1- 1

(a)Wing off.

Figure10.- Staticlateralstabili~ characteristicsobtainedwith the
blunt-nosefuselage. Av = 1.0.
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(b)Wing on.

Figure10.. Cpncluded.
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(a)Wing off.

Figure11.~ Staticlateralstibilitycharacteristicsobtained
blunt-endfuselage. AV = 1.0.
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(b) Wing on.

Figure U.. Concluded.
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Figure12.-Effectof vertical
characteristics.Wing

t&l on the staticlateralstabili~
off; fuselage2; Av = 2.0.
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Figure13.- Effectof verticalt~l on tti s-tic later~ gtabili~
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Angle~of attack]a,deg

Figure 14.- Staticlateralstabili@ characteristicsof configurations
havingwing leading-edgeslat. Av = 1.0.
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Figure17. - Vsriationof lift-curveslopewith aspect
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Figure19. - Effectof tail area and t&l lengthon vertical-tail
butionto CyV and CnW. a = 0°.
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Figure 25. - variation of increments of @W, Cn~, and CZ~ causedby
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Figure26. - Effect of the tail axea and

caused by wing-fuselage interference
Circular-arc fuselages.

lengthon the incrementof C&V

on vertical-taileffectiveness.

—- -- —.— .--.— ------- —..—— -.-—— —. ----



. .. . . .. . . .

. 56

447-y

NACA TN 2168

.
● o VI

•1 “V2

.002

Figure27. - Effect of tail erea and length on the increment of CnV

causedby the wing-fuselageinterferenceon the vertical-tail
effectiveness.Circulsr-ercfuselages. .

.

.

●

——. -.— —.—— - -- — — —. .-— . — - ..—.—-— . _ ——-—



.

.“

.

NACA TN ZL68 ‘

I I I I I

.001—

A2C2 Og
T

700/ verticaltail

o’ vl

•1 V*

o v~

I I I I I

.00/— (JJ~ “0+64..
bw - .

A2C’i
r

06 ~+— —’$-+$-==+-=$-

:00/

.00/

08

X
O-~#8f2/6 20 24

Angle of aftzk,a,akg

57

,.

.
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ness. Circular-arcfuselages.
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